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doi:10.1Background: Total root replacement with biologic valves and reimplantation of the coronaries gives good early
and midterm results. There is continuing concern, however, regarding the risks and long-term results for reop-
eration after total replacement of the aortic root with reimplantation of the coronaries.
Methods: Between June 1981 and July 2010, a total of 84 patients underwent reoperative aortic root replace-
ment with reimplantation of the coronaries (60 male, mean age 38  15 years). All patients had undergone
first-time total aortic root replacement with homografts (82 patients) or autografts (2 patients). Indication for
reoperation was structural valve deterioration in 72 patients (85%) and infective endocarditis in 12 patients
(15%). Mean interval between first operation and reoperation was 11.1 4.7 years (range, 1 month–24.7 years).
Median length of follow-up was 9.7  5.6 years (range, 1 month–24.4 years).
Results: Thirty-day mortality was 2.4% (n¼ 2 patients). Both patients died postoperatively of low-output syn-
dromes with multiorgan failure. At reoperation, 74 patients received homografts (87%), 7 patients underwent
a Ross procedure (9%), and 3 received stentless porcine roots (4%). One patient required pacemaker implan-
tation (1%). Actuarial survivals were 89% 4% and 81% 5% at 5 and 10 years, respectively. Nine patients
underwent a successful third root replacement during follow-up. Freedom from third-time aortic root operation
was 97%  3% at 10 years.
Conclusions: Reoperative aortic root replacement can be performed safely with good short-term and midterm
outcomes in a young patient cohort. (J Thorac Cardiovasc Surg 2011;142:1473-7)A
C
DThe aortic root performs several sophisticated functions that
can directly influence coronary blood flow, ventricular
workload, and the magnitude and distribution of stress on
valve cusps.1 Optimal function of the aortic root depends
on the structural integrity of its constituent parts: the valve,
the annulus, the sinuses of Valsalva, and the sinotubular
junction.2-4 This complexity has prompted us to perform
total aortic root replacement with coronary artery
reimplantation in patients with aortic valve or root disease.
In addition to maintaining the structural unity of the aortic
root, this approach maximizes valve effective orifice area,
an important determinant of long-term prognosis, particu-
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The Journal of Thoracic and CarThe technique of the first root replacement operation has
become standardized particularly in relation to the placement
of the coronary arteries without tension, torsion, or kinking.
Furthermore, progressive dilation of the biologic root has
not been observed after this operation. Although first root
replacement is associated with good outcomes, with an oper-
ative mortality of approximately 1% to 5%,9-12 there is
continuing concern about the risk of reoperation in these
patients in both the short and longer terms. The objectives
of this study were therefore to evaluate the safety of repeat
total aortic root reoperation with coronary reimplantation in
patients with previous root replacement and also to assess
the durability of implanted roots. Primary outcomes were
operative mortality and morbidity, and secondary outcomes
were late survival and freedom from third operation.MATERIALS AND METHODS
Patient Population
From 1981 to 2010, a total of 84 patients underwent second-time reoper-
ative total aortic root replacement after initial total aortic root replacement.
All operations were performed by a single surgeon (M.H.Y.). Any patient
whose first or second operation was not a total root replacement was ex-
cluded from this analysis. Data were collected prospectively and analyzed
retrospectively. This study was approved by the internal review board, and
individual patient consent for data analysis was waived. Patients were fol-
lowed up with yearly visits to the outpatient clinic, where they were as-
sessed clinically and echocardiographically. In addition, all living
patients were contacted by telephone to rule out any sudden deterioration
since the last clinic visit.diovascular Surgery c Volume 142, Number 6 1473
TABLE 1. Patient characteristics (N ¼ 84)
Height (cm, mean  SD) 158  41
Weight (kg, mean  SD) 66  24
Age (y) 38  15
Logistic EuroSCORE (%, mean  SD) 22%  11%
Comorbidities
Hypertension (no.) 4 (4.9%)
Hypercholesterolemia (no.) 1 (1.2%)
Familial coronary artery disease (no.) 1 (1.2%)
Renal failure* (no.) 2 (2.4%)
Previous cerebrovascular accident (no.) 1 (1.2%)
Peripheral vascular disease (no.) 1 (1.2%)
New York Heart Association functional
class III or IV (no.)
31 (38%)
Left ventricular ejection fraction<50% (no.) 7 (8%)
Previous intervention
Homograft (no.) 82 (98%)
Ross (no.) 2 (2%)
Surgical indication
Structural valve deteriorationy (no.) 72 (85%)
Infective endocarditis (no.) 12 (15%)
*Renal failure was defined as a Cockroft-Gault creatinine clearance of less than 50
mL/min. yAortic insufficiency in 38 patients.
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DOperative outcomes were available for all 84 patients undergoing reop-
eration. Of the 84 patients, 7 were residents of foreign countries and were
therefore unavailable for long-term follow-up. The preoperative character-
istics of these 7 patients did not differ from those of the rest of the cohort in
terms of age (39.2  12.0 years vs 37.8  14.9 years, P>.99), comorbid-
ities and logistic EuroSCORE (17.4% 4.2% vs 14.2% 3.5%, P¼ .7).
Thus overall completeness of follow-up was 93%, with a median length of
follow-up after reoperative root implantation of 9.7  5.6 years (range, 1
month–24.7 years).13
Operative Technique
The technique for total root replacement has been previously de-
scribed.12 Briefly, the cardiopulmonary bypass strategy is chosen according
to the proximity of the aorta and the right ventricle to the sternal back wall,
as indicated by imaging. If sternal opening appears risky, femoral bypass is
commenced before opening the sternum to cool the patient to 30 before
opening the chest. The aortic valve cusps are then completely excised,
and the aortic annulus thoroughly decalcified, avoiding trauma to the coro-
naries. In this experience, calcification never extended into the coronary os-
tia. Single interrupted sutures are used for the proximal anastomosis. No
foreign material is used to reinforce either anastomosis. No glue is used.
The coronary anastomosis is performed with continuous 5-0 Prolene
sutures (Ethicon, Inc, Somerville, NJ). Neither pericardium or polytetra-
fluoroethylene is used to support the anastomoses. For the Ross procedure,
after reimplantation of the autograft root, a pulmonary homograft is im-
planted in the right ventricular outflow tract with the largest possible homo-
graft.14 Cold antegrade blood cardioplegia through the coronaries and
topical cooling with ice is our preferred technique for myocardial protec-
tion.We have not usedmechanical valve Bentall operations as the preferred
root substitution, for which we use biologic replacements because of their
superior hemodynamics, reduced risk of thromboembolism, and lower risk
of second and third operations.
Statistical Analysis
Continuous variables are expressed as mean  SD, whereas discrete
variables are expressed as numbers and percentages. Actuarial survival
was estimated with the Kaplan-Meier method. All statistical analyses
were performed with SAS statistical software package release 9.1 (SAS
Institute Inc, Cary, NC).FIGURE 1. Age distribution at first reoperation.RESULTS
Patient Characteristics
Patient characteristics are presented in Table 1. Mean age
at time of first aortic root reoperation was 38  15 years
(range, 8–73 years; Figure 1). Ten patients (12%) required
either urgent or emergency reoperation. Mean logistic
EuroSCORE for all patients was 22%  11%. Apart
from the previous initial root replacement, our patients
had undergone a total of 34 operations before second-time
root replacement, as described in Table 2. Seven patients
had undergone 2 (n ¼ 2) or more (n ¼ 5) previous homo-
graft insertions not involving total root replacement with
reimplantation of the coronaries.
Initial aortic root replacement was performed with a ho-
mograft in 82 patients (98%) and an autograft (Ross proce-
dure) in 2 patients (2%). The indications for reoperation
were structural valvular deterioration in 72 patients
(85%) and infective endocarditis in 12 patients (15%).
Mean interval between first operation and reoperation was1474 The Journal of Thoracic and Cardiovascular Sur11.1  4.7 years (range, 1 month–24.7 years). Median
length of follow-up was 9.7  5.6 years (range, 1 month–
24.4 years). At reoperation, 74 patients underwent homo-
graft root replacement (88%), 7 patients underwent
a Ross procedure (8%), and 3 patients underwent place-
ment of a stentless xenograft root (4%) with a Medtronic
Freestyle prosthesis (Medtronic Inc, Minneapolis, Minn;
Table 3). Concomitant procedures were required in 25gery c December 2011
TABLE 2. Total previous cardiac procedures
Coarctation repair 4
Repair of subaortic stenosis 2
Subaortic ring insertion 1
Aortic valvotomy 14
Mitral valve replacement 1
Ventricular septal defect repair 1
Aortic cusp extension 1
Valvotomy and ventricular septal defect repair 1
Triple homograft replacement (subcoronary implants) 2
Double homograft replacement (subcoronary implants) 5
Data represent numbers of individuals who underwent a given procedure.
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Dpatients (30%). All coronary artery bypass grafting surger-
ies, except 1 (below), were planned because of preexisting
atherosclerotic coronary artery disease.
Operative Mortality
Thirty-day mortality was 2.4% (n¼ 2 patients). Surgical
indication was structural valve deterioration of the homo-
graft root in both cases. Both patients were in clinically un-
stable condition before surgery, with preoperative logistic
EuroSCOREs of 54% and 12%. The first patient was
aged 7 years at the time of reoperation and underwent
a Ross procedure. She had low cardiac output syndrome de-
spite maximal inotropic support early after surgery. She un-
derwent heart transplantation on day 11 but died shortly
thereafter of irreversible multiorgan failure. The second pa-
tient was a 26-year-old man in New York Heart Association
functional class IV at reoperation. Homograft root replace-
ment with challenging coronary reimplantation was per-
formed. After weaning from bypass, he had severe right
heart failure. A venous graft was performed to the rightTABLE 3. Operative outcomes following first aortic reoperation
(N ¼ 84)
Operative mortality (no.) 2 (2.4%)
Reoperative intervention (no.)
Homograft 72 (88%)
Ross 7 (8%)
Stentless root (Freestyle*) 3 (4%)
Concomitant procedures (no.)
Coronary artery bypass grafting (all elective) 10 (12%)
Mitral valve repair or replacement 15 (18%)
Cardiopulmonary bypass time (min, mean  SD) 141  55
Crossclamp time (min, mean  SD) 97  31
Operative complications (no.)
Bleedingy 5 (6%)
Sternal infection 2 (2.4%)
Renal failurez 1 (1.2%)
Prolonged ventilationx 3 (3.7%)
Heart block 1 (1.2%)
Atrial fibrillation 6 (7%)
*Medtronic Inc, Minneapolis, Minn. yDefined as bleeding requiring reexploration.
zRenal failure requiring hemofiltration. xVentilation for longer than 24 hours.
The Journal of Thoracic and Carcoronary artery; however, the patient subsequently died of
multiorgan failure on postoperative day 16.Operative Morbidity
The prevalences of complications are listed in Table 3.
Five patients required reexploration for bleeding (6%).
One patient had renal failure requiring hemofiltration
(1%) and later died (as described previously). One patient
had complete heart block after surgery requiring pacemaker
implantation (1%). No patients had perioperative myocar-
dial infarction or stroke.Late Outcomes
Survival. Actuarial survivals were 89% 4% and 81%
5% at 5 and 10 years, respectively (Figure 2). Eighteen pa-
tients died during the follow-up period. The mean interval
between reoperation and death was 6.6  5.1 years (range,
11 days–16.4 years). Nine deaths were cardiac related: 5 of
heart failure, 1 of myocardial infarction, and 3 of sudden
cardiac death. Nine deaths were not cardiac related.
Freedom from reoperation. Actuarial freedom from
additional reoperation was 97% 3% at 10 years
(Figure 3). Of the 77 patients with late follow-up, 9 patients
required a second aortic root reoperation (Table 4). Themean
interval between first and second aortic root reoperationswas
11.4  3.4 years. Eight patients underwent reoperation for
homograft structural valve deterioration and 1 patient under-
went reoperation after autograft root dilatation with accom-
panying moderate regurgitation and progressive left
ventricular enlargement. All patients underwent successful
stentless xenograft total root reimplantation with Medtronic
Freestyle prostheses. There were no associated deaths.
Functional status. At latest follow-up, mean left ventricu-
lar end-diastolic diameter was 50.2  23.6 mm and mean
left ventricular ejection fraction was 68.7%  14.2%.
Four patients were in New York Heart AssociationFIGURE 2. Actuarial survival after first aortic root reoperation.
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FIGURE 3. Actuarial freedom from second aortic root reoperation after
first aortic root reoperation.
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Dfunctional class III (3 patients) or IV (1 patient) at latest
follow-up, 2 of themwith severe chronic obstructive pulmo-
nary disease. Average aortic regurgitation grade was 1.05
0.03, with only 3 patients having severe aortic regurgitation.
These patients are currently awaiting surgery.
DISCUSSION
This study defines the pattern of early and midterm sur-
vival and freedom from second reoperation after reoperative
aortic root surgery. The current results demonstrate that reo-
perative replacement of the aortic root with coronary artery
reimplantation after initial aortic root replacement canbeper-
formed safely with a low operative mortality in a cohort of
relatively young patients. The small number of older patients
showed similarly good short-term and midterm outcomes. It
is important, however, to intervene as early as possible to
minimize the operative risk. This operative risk compares fa-
vorably with that of first-time aortic root operation, which
ranges from 1% to 5% according to various reports.9-12 As
illustrated in this series, a critical determinant of outcomes
in reoperative cases is operative timing, which determines
the patient’s preoperative status. Surgery on patients inTABLE 4. Characteristics of patients requiring second aortic root reopera
Age at reoperation (y) Initial intervention Reintervention
35 Homograft Homograft
29 Homograft Homograft
32 Homograft Homograft
20 Ross Homograft
47 Homograft Homograft
26 Homograft Homograft
55 Homograft Homograft
48 Homograft Homograft
29 Homograft Homograft
SVD, Structural valve deterioration.
1476 The Journal of Thoracic and Cardiovascular Sursevere heart failure is associated with high perioperative
morbidity and mortality. This is illustrated by the wide
variability in reported mortality associated with aortic root
reoperation, which ranges from 0% to 17.9%.15-21 Series
involving emergency or urgent operations or patients in
New York Heart Association class III or IV tend to have
higher mortalities. In this series, both perioperative deaths
occurred early in the series, and both were of patients who
were referred late and in a clinically unstable condition. If
patients are operated on in a timely fashion, operative risks
can be reduced further. This is a critical point worth
emphasizing to our cardiology colleagues.
Careful surgical planning and operative technique are im-
portant technical keys to the success of this operation. Preop-
erative imaging provides important clues regarding the
proximity of the ascending aorta to the sternum. In cases
where the aorta appears closely adherent to the sternum,
the femoral arteries should be exposed and prepared for
cannulation. In high-risk patients, femorofemoral bypass is
instituted before opening the sternum.Coronary arterymobi-
lization can be challenging in aortic root reoperations, espe-
cially with homografts because of the high calcification
burden. The placement of coronary venous interposition
grafts has been suggested and described in as many as
48% of cases in some series.22 In our experience, we have
found that calcification almost never extends into the coro-
nary button or arteries and that limited, careful mobilization
can be performed safely.23 It is essential, however, that the
coronaries be reimplanted without torsion, tension, or kink-
ing. Meticulous decalcification with removal of all previous
suturematerial should be performed to facilitate this.We pre-
viously reported the insertion of a prosthetic valve within an
existing aortic homograft as a bailout procedure24 or for
those with a noncalcified root and valvular pathology. Reo-
perative total root replacement has become our favored
approach, however, and was used in all cases in this series.
Most reoperations in this series were for homograft aortic
root degeneration, which is often associatedwith heavy calci-
fication of the aortic wall or cusps.25 In recent years, stentless
xenograft roots have been increasingly used and have beention after first aortic root reoperation
Interval between 2nd and
3rd operations (y) Indication for 3rd operation
13 Endocarditis
4 SVD
8 SVD
11 SVD
15 SVD
11 SVD
13 SVD
15 SVD
14 SVD
gery c December 2011
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Dshown to provide better durability than homografts.11 Impor-
tantly, the degree of calcification in these xenograft roots ap-
pears to be significantly lower than in homografts,5 in large
part because of their pretreatment with anticalcification
agents such as a-amino oleic acid to mitigate aortic cusp
and wall calcification. Consequently, the added technical
challenge associatedwith the heavy calciumburden in homo-
grafts is decreased in these cases.Calcification is almost never
an issue in cases of autograft root reoperations. In addition,
with timely reintervention, the autograft valve can be
spared26; alternatively, the full root should be replaced.
Freedom from a second aortic reoperation after the first
aortic root reoperation in this series was 97% at 10 years.
This is all the more significant in that the vast majority of
patients underwent homograft root replacement at both
first and second operations. Homograft failure is thought
to be due to direct and indirect immune reactions elicited
by the persistence of living cells and protein remnants on
the homograft cusps and wall, raising concerns about ac-
celerated degeneration after repeated homograft implanta-
tion in presensitized hosts.27,28 In this limited series,
homograft durability did not seem to be compromised by
these considerations. Our series spans a long period
(1981–2010), and the superiority of the autograft root
was not established. Indeed, a recent randomized, control
trial has addressed this issue.11 Currently, the Ross opera-
tion is our preferred option in this age group.
This study has some limitations. Only patients undergoing
reoperation were assessed for this study, which may have in-
troduced a selection bias. In this series, however, no patient
was refused reoperation because of severity of heart failure.
The completeness of follow-up was 93% because a number
of patients returned to their countries of origin and were
subsequently unavailable for follow-up (n ¼ 7).
In conclusion, this study supports the notion that aortic
root reoperation with coronary reimplantation after an ini-
tial aortic root operation can be performed safely and with
satisfactory long-term results if performed in a timely fash-
ion. This finding supports the contention that aortic root re-
placement for a first-time operation should not be avoided
in patients with a high likelihood of requiring reoperation.
It is thought that with newer generation stentless xenografts
the technical challenge of reoperation after aortic root re-
placement might be further decreased than with homografts
because of lower rates of root calcification. Continued
follow-up of these patients is required to validate the good
long-term outcomes after reoperative surgery.
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